In this research, the profiles of electron temperature T e and density n e for a spherical tokamak with the plasma current sustained by lower hybrid waves alone have been measured for the first time using Thomson scattering diagnostics in the TST-2 spherical tokamak device. The T e profile was hollow and the n e profile was like bell-shaped. T e and n e near the plasma center were 6 eV and 6 × 10 17 m −3 , respectively, leading to a pressure of 0.6 Pa. On the other hand, whole pressure at the plasma center calculated using an equilibrium reconstruction code EFIT was around 20 Pa. Therefore, it is suggested that fast electrons play an important role in the plasma equilibrium. In order to realize a compact spherical tokamak (ST) reactor, which has no space for a central solenoid, a plasma current needs to be started-up non-inductively. Plasma current start-up experiments using electron cyclotron wave (ECW) have been performed in several ST devices [1] [2] [3] [4] . On the other hand, the lower hybrid wave (LHW) is used in the TST-2 [5]. A successful lower hybrid current drive (LHCD) was achieved with a high efficiency in many conventional tokamaks, but the efficiency is low for ST devices [6, 7] . For LHCD optimization in STs, it is important to obtain electron temperature T e and density n e profiles, leading to understanding of wave propagation and absorption. T e and n e for plasmas sustained by the LHW were measured in Globus-M [7] , but the profiles were not reported. Thomson scattering (TS) diagnostics is widely used to measure the profiles. However, TS measurement becomes difficult when electron density is low because of the weak TS signal. Plasmas started-up by radiofrequency (RF) generally have lower density than those for ohmically started-up plasmas by tens to hundreds times. In order to improve the signal-to-noise ratio in such lowdensity plasmas, several techniques have been adopted, including averaging many raw TS signals over reproducible discharges [8] , and a multi-pass scheme wherein a laser pulse makes many round trips in an optical cavity [9, 10] .
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TST-2 is a spherical tokamak with major radius R = 0.36 m and minor radius a = 0.23 m. Typical discharges Good reproducibility can be seen in the traces of I p s and radiation signals. For the TS measurements, we use an Nd: YAG laser with wavelength 1064 nm, energy 1.6 J, repetition rate 10 Hz, and width 10 ns. The collection system has a scattering angle of 120
• near the plasma center, a solid angle of 0.27 sr, fibers with a core diameter of 2 mm, and a numerical aperture of 0.37. The detection circuit for the polychromator is optimized so that relative errors become small [11] . In the present experiment, 10 TS measurements for 4 spatial points were performed simultaneously, and the 10 TS signals for each spatial point were averaged to attain higher accuracy. Similar measurements were performed for 4 other spatial points, and then profiles with 8 spatial points were obtained. Laser injection time was t = 85 ms, when the plasmas were stable. Figure 2 shows TS signals at R = 342 mm obtained by averaging over 10 TS signals and subtracting the background. The signals of 6 wavelength channels in each polychromator were fitted well into a relativistic Maxwellian distribution function. Resultant profiles for T e and n e are shown in Fig. 3 . Note that one of the spatial points (R = 459 mm) is significantly affected by stray light and the results are not shown in Fig. 3 . T e values in the central region are under 10 eV and the profile is hollow. The n e profile is like bell-shaped with a peak near R = 342 mm. The relative sensitivity of the n e measurement was obtained by Raman scattering from nitrogen gas. The absolute value of n e is calibrated by comparing the value of n e l measured by interferometry with n e l calculated from the n e profile measured in an ohmic discharge, where the whole density profile was obtained accurately. The peak density was n e ∼ 6 × 10 17 m −3 and we fitted the data into a Gaussian shape (solid curve in Fig. 3 (b) ). The line-integrated density for this shape agrees with n e l measured by interferometry. In addition, n e was less than 1 × 10 16 m −3 at the outer limiter according to probe measurements. Thus, the fitted Gaussian shape seems to be reasonable, although the density in the peripheral region was not measured. The shape of the T e profile obtained is similar to that reported in QUEST, where the plasmas are sustained by ECW power alone [8] . Although ECWs and LHWs are different, the similar hollow T e profiles may be caused by a common physical phenomenon in RF-sustained ST plasmas.
The central electron pressure for the bulk part of the velocity distribution function obtained by the TS measurement was under 1 Pa. On the other hand, whole plasma pressure including the tail part is calculated from magnetic measurements using an equilibrium reconstruction code EFIT to be around 20 Pa near the plasma center. Thus, it is suggested that the pressure of fast electrons generated by LHWs is dominant in the equilibrium. In addition, the effective temperature for fast electron estimated from hard X-ray signals is in the order of 10 keV, and the ion temperature T i is determined to be several eV from spectroscopy [12] . Taking the temperatures and n i n e into account, the density for the fast electrons is in the order of 10 15 m −3 and the abundance ratio is in the order of 0.1%. In summary, electron temperature and density profiles in ST plasmas sustained by LHWs have been measured successfully for the first time, helping us understand LHW propagation and absorption in ST plasmas.
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